We provide novel evidence linking the level of creditor protection provided by law to the degree of usage of technologically older, vintage capital in the airline industry. Using a panel of aircraftlevel data around the world, we find that better creditor rights are associated with both aircraft of a younger vintage as well as firms with larger aircraft fleets. Moreover, we find that more profitable airlines, airlines with lower leverage ratios, and airlines with less debt overhang are less sensitive to prevailing creditor rights in their country. We propose that by mitigating financial shortfalls, enhanced legal protection of creditors facilitates the ability of firms to make large capital investments, adapt advanced technologies and foster productivity.
Introduction
There is a large body of evidence that better legal rules covering protection of corporate shareholders and creditors are associated with more developed financial markets and higher economic growth (La Porta et al., (1997 ; King and Levine, (1993); Beck et. al., (2000) ; and Rajan and Zingales, (1998) ). While the empirical regularities found in the data are quite robust, most of the research is based on cross-country outcomes and suffers from small samples and potential identification problems (see Djankov at al. (2007) ). In particular, the results from cross-country regressions do not pin down the underlying mechanism through which creditor rights and shareholder protection affect real economic outcomes. This paper attempts to fill this gap. We study the relation between creditor protection and the use of vintage capital in the airline industry in a sample of most of the aircraft in the world (494,653 aircraft-year observations) covering 5,987 operators in 129 countries in the years . We find that airlines enjoying the benefits of higher creditor protection operate aircraft of a newer technology and younger vintage.
The importance of new capital goods for economic growth has been suggested by Solow (1960) : "...many if not most innovations need to be embodied in new kinds of durable equipment before they can be made effective. Improvements in technology affect output only to the extent that they are carried into practice either by net capital formation or by the replacement of old-fashioned equipment by the latest models..." More recent theoretical models show that capital of older vintage hampers productivity and growth (Benhabib and Rustichini (1991) ), slows technology diffusion (Chari and Hopenhayn (1991) ), and increases income inequality across individuals and countries (Jovanovic (1998) ). Empirical estimates suggest that around 60% of US per-capita growth is due to technical change that is embodied in new more efficient capital goods (Greenwood, Hercowitz, and Krusell (1997) ).
1 Our paper provides novel evidence on the creditor rights channel in technological adaption and capital formation.
While we propose and provide evidence on one mechanism connecting financial constraints and creditor protection to aircraft age and fleet size, our results suggest a broader link between financial development, investor protection and economic activity. Our empirical methodology differs from previous research which has focused mostly on aggregate, macroeconomic outcomes of investor protection such as financial market development and economic growth (King and Levine (1993) , La 1 See Boucekkine, de la Croix, and Licandro (2008) for a survey of the vintage capital literature. Porta et al. (1997 Porta et al. ( , 1998 , Rajan and Zingales (1998) ). The wealth of the data and our focus on an important global industry allow careful consideration and identification of the specific mechanism through which investor protection affects and fosters technical progress and economic development.
Our paper adds to a growing body of literature that uses industry-and firm-level data to evaluate the effects of investor protection and financial development on resource allocation (Fisman and Love (2004) , Wurgler (2000) ), economic growth (Demirguc-Kunt and Maksimovic (1998) , Guiso, Sapienza, and Zingales (2005)), and financial contracts and lending structures (Bergman and Nicolaievsky (2007) , Braun (2003) , Esty and Megginson (2003) , Lerner and Schoar (2005) , Onega and
Smith (2000), and Qian and Strahan (2006) ).
We start by developing a simple price-theory model of an airline choosing its scale and average asset age given an internal financing constraint and external creditor protection that is determined at the country level. The airline must decide on the quantity of aircraft to purchase and their average age. Older aircrafts are assumed to be less efficient -either because of depreciation in aircraft efficiency stemming from their normal use, or because of technological improvements in aircraft design over time. We hypothesize that increased availability of external finance due to enhanced creditor protection will have two important effects on firms. First, when financial constraints are more relaxed, firms will be able to invest in newer, more expensive technologies, and second, since financing considerations will place fewer constraints on firm scale, firms will tend to be larger. We derive three empirical predictions from our simple model. The first prediction is about aircraft age. We expect that, all else equal, airlines operating in countries with lower creditor rights will have older fleets. Second, we predict that, all else equal, airlines operating in countries with lower creditor rights will have smaller fleets. Third, we show that the effect of the level of creditor rights on airline fleet age and size will be smaller for airlines with greater internal funds. Our model is closely related to Eisfeldt and Rampini (2007b) who show that firms which are credit constrained purchase more used, rather than new, capital because, higher ex-post maintenance payments of used capital relaxes current ex-ante financial constraints.
To test these hypotheses, we utilize a dataset which provides information on most of the aircraft operated worldwide. First we confirm our hypothesis that older aircraft tend to be less efficient.
Using data on yearly utilization rates for most of the aircraft in the world during the period 1996-2006 we find that older aircraft are utilized less in terms of hours flown per year.
Using detailed profiles of every single aircraft in the world during the period 1978-2003 we then study the relation between the level of creditor protection of the country in which the aircraft is operated and owned and its age. The level of country creditor protection is measured using the creditor rights score as developed by La Porta et al. (1997 , and in particular the more recent score that covers 129 countries in the years 1978 -2003 (Djankov et al. (2007 ). Consistent with our first hypotheses, our analysis shows that aircraft operated in countries with higher creditor protection are of a younger vintage. Furthermore, we also find that operators' size are larger in countries with better creditor protection. These results continue to hold even after controlling for a variety of country, airline, year, and aircraft model-type fixed-effects.
While omitted variables at the country level are the major concern in cross-country analysis, the panel dimension of our data allows us to control for country fixed-effects and hence to identify off of changes in creditor rights within a country. To further alleviate concerns about an omitted variables problem, we split our sample into aircraft operated by commercial and private airlines, and those operated by the military. We expect the negative relation between aircraft age and fleet size and creditor protection to hold only for non-military operators, since private and commercial operators are those required to raise funds from outside investors in cases of cash flow shortages.
Moreover, only commercial and private operators would fall under the bankruptcy provisions of the local corporate and bankruptcy laws which are the essence of the creditor rights score. Our results confirm this conjecture: we find that the creditor rights score is correlated with the age and fleet size of commercial and private operators but is uncorrelated with the age and size of military fleets.
To test our third prediction that the effect of creditor rights will be smaller for airlines with greater internal funds, we focus on airlines with publicly available financial data. In a sample of the 72 world's largest airlines representing 29 countries and 94,272 aircraft, we find that more profitable airlines, airlines with lower leverage ratios, and airlines with less debt overhang (measured by longterm debt) are less sensitive to creditor rights, as our model predicts. While both leverage and long-term debt are clearly endogenous, our identification strategy relies on the interaction effects between country and firm characteristics. Moreover, in order to control for unobserved airline quality we include airline fixed effects in our analysis. Our results hold for both the total fleets of operators around the world (the stock of aircraft) and actual aircraft transactions (the flow of aircraft).
One concern about our findings that is in particular important for the airline industry is the issue of aircraft leasing. Airlines in countries with bad creditor rights may be forced to lease aircraft instead of purchasing them through debt financing as asset repossession might be easier for a lessor than for a creditor (see e.g. Eisfeld and Rampini, (2007a) ). While lessors are in general subject to the same bankruptcy provisions that are relevant to creditors (especially secured creditors), some countries adopt lessor-specific rules in bankruptcy similar to Section 1110 in the U.S. that exempts aircraft lessor from automatic stay in a Chapter 11 petition. As an additional robustness check we repeat our analysis for non-leased aircraft only and find economically and statistically stronger results.
The rest of the paper is organized as follows. Section I presents a simple price-theory model.
Section II provides a description of our data sources and summary statistics. Section III presents the empirical link between aircraft age and utilization and efficiency. Section IV describes the empirical analysis of the relation between creditor rights and aircraft age and fleet size. Section V provides robustness analysis and Section VI concludes.
I. The Model
We begin by providing a simple model of a firm with an investment opportunity choosing its scale and average asset age given a financing constraint. For consistency with the empirical section we refer to the firm as an airline and its assets as aircraft, although the model obviously generalizes to any type of firm. The model is closely related to Eisfeldt and Rampini (2007b) , but assumes that technologies of different vintage are not perfect substitutes in production.
Consider an airline facing a choice regarding its fleet size and composition. The airline must decide the quantity of aircraft to purchase and their average age. Older aircrafts are assumed to be less efficient -either because of depreciation in aircraft efficiency stemming from their normal use, or because of technological improvements in aircraft design over time.
Purchasing a fleet of q aircraft with an average fleet age of efficiency e is assumed to cost q * e. An airline operating such a fleet obtains revenue R(q, e), where R(q, e) is twice differentiable, concave, and ∂ 2 R/∂q∂e > 0. Thus, we assume that there are decreasing returns to scale in both fleet size and average fleet efficiency, and that fleet size and efficiency are complements.
Initially, we assume that the airline has no internal funds and must purchase its fleet using funds raised in an external capital market. The airline operates in a country with a level of protection provided to investors parameterized by s, where s measures the fraction of revenue that insiders within the airline can costlessly expropriate from outside investors. Thus, given revenue R(q, e), the airline's pledgeable income -i.e. the maximal amount that it can guarantee as repayment to its investors -is (1 − s) R(q, e) . Capital markets are assumed to be perfectly competitive, and the discount factor is taken for simplicity to be 1.
To fund a fleet of size q and of average efficiency e, the airline must raise an amount qe of external funds. In doing so, it must commit to repay outside investors a payment P with P ≥ qe.
Additionally, due to the limited pledgeability of income, P must also satisfy P ≤ (1 − s)R(q, e).
Taken together, the airline's maximization problem is therefore,
It is easy to see that at the optimum, the first constraint will be binding, implying that the airline's maximization problem is
As is standard in these problems, because capital markets are perfectly competitive, outside investors break even and therefore the maximand of maximization problem (2) has the airline obtaining the full NPV of the project subject to the financing constraint.
To solve maximization problem (2), we first define q f b and e f b as the (first-best) solutions to the unconstrained problem of Max (q,e) (R(q, e) − qe), which we also assume to be finite. 
Proof. See Appendix.
Proposition 1 is quite intuitive. For high enough levels of investor protection, the airline's pledgeable income is high enough to allow it to purchase the first-best fleet. In contrast, for low levels of investor protection (high s) the financing constraint in maximization problem (2) may bind, so that in the second-best solution, as pledgeable income deteriorates (s increases), the firm will reduce both the size of its fleet as well as its average aircraft efficiency.
Recalling that average fleet age is inversely correlated with average fleet efficiency, from Proposition 1 we generate two predictions which are tested in the empirical section: We now relax the assumption that the airline must fund all of its fleet acquisition employing external finance, and assume instead that the airline has internal funds, A.
the airline can purchase the first-best fleet with internal funds and obtain the first-best solution irrespective of the level of investor protection in which it operates. If, on the other hand, A < q f b e f b , the airline will attempt to raise external capital from the market, which, it is easy to see, involves a financing constraint of eq ≤ A + (1 − s)R(e, q).
We therefore obtain the following variant of Proposition 1: (ii) ∂s(A)/∂A ≥ 0.
Similar to Proposition 1, part (i) of Proposition 1b states that for any given level of internal capital A, there exists a level of investor protection below which the airline's investment will be constrained by its limited ability to pledgeabe income, and hence it will have to reduce investment in both the size and average efficiency of its fleet. Further, as is intuitive, part (ii) of the proposition states that when an airline has greater internal funds, the region in which the level of investor protection affects the airline's fleet age and size diminishes.
We thus test the following additional prediction: 
II. Data and Summary Statistics
This section describes the data sources used in the paper and presents summary statistics for both aircraft age and fleet size. -periods (1978-1979, 1980-1989, 1990-1999, and 2000-2003) , and for the entire sample. There are 494,653 aircraft-year observations in the entire sample, with an average (median) age of 13.0 (12.0) years, and a standard deviation of 9.2 years. The sample represents 219 aircraft types, 5,987 operators from 129 countries.
A. Aircraft Level Data
As Panel A demonstrates the average aircraft age in the sample increased from 9.1 in the years 1978-1979 to 14.7 
B. Country Level Data
The information in Ascend CASE also enables us to match data on each individual aircraft to country level macro-and legal variables of the aircraft's country of operator and owner. We thus augment the data from Ascend CASE with country level macro data from the World Bank's World Development Indicators database. This macro data includes GDP, GDP growth, GDP per capita, GDP per capital growth as well as surface (country area in sq km.) and population data. We obtain data on legal origins and creditor rights from the new database assembled by Djankov et al. Porta et al. (1997 Porta et al. ( , 1998 data, as it covers many more countries, and tracks their variation in creditor rights score over time. It therefore enables a panel-data analysis using, for example country fixed effects, which identifies off of variation in creditor rights within a country over time.
For each country, the creditor rights index measures four powers of secured lenders in bankruptcy.
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First, whether there are restrictions on bankruptcy filing; second, whether there is no 'automatic stay' or 'asset freeze' that prevents secured creditors from seizing their collateral. Third, whether secured creditors ate paid first, and finally, whether a trustee different from the management runs the firm during reorganization. A value of one is assigned to each of the provisions when a country's law provides these powers to secured creditors. The creditor rights index is then calculated by aggregating the scores of the four provisions, so that the creditor rights index varies between a score of 0 (poor creditor rights) and a score of 4 (strong creditor rights). Djankov et. al. (2007) collect time series data on creditor rights for each of the 129 countries, by identifying all major reforms and assessing their impact on the creditor rights score. German legal origin, and 7,762 aircraft are from countries with a Nordic legal origin. Table 2 lists the top 20 countries with the most aircraft-year observations in the sample, and the bottom countries with the least aircraft-year observations. With a total of 185,476 observations, the U.S.
accounts for 37.50% of the sample, followed by the Russian Federation (38,519 aircraft), U.K. 
C. Airline Level Data

III. Aircraft Age and Usage
An underlying assumption throughout our study is that assets of an older vintage are either less technologically advanced and hence less efficient, or that older vintage aircraft are less efficient due to physical depreciation. We therefore begin our empirical analysis with motivational evidence testing this assumption in the context of aircraft. Measuring individual aircraft efficiency requires information on inputs (number of seats, men hour, fuel costs, operating times, routes, etc.) and outputs (number of passengers, revenue, arrival times). We cannot measure aircraft efficiency directly as we do not have access to these data at such a fine resolution for individual aircraft.
Instead, we utilize data from the Ascend Case database on aircraft usage as an approximation of aircraft efficiency. Spanning the period 1996-2006, the data provides hourly utilization rates for 25,009 aircraft worldwide. For each aircraft in the sample, the data tallies the number of hours flown each year, as well as the aircraft type and year of build. We hypothesize that if aircraft efficiency is indeed decreasing with aircraft vintage, airlines will tend to decrease the operating times of their older vintage aircraft. Thus, for example, if older vintage aircraft are less fuel-efficient, to the extent possible, airlines will shift their operations to the newer vintage aircraft in their fleet. Moreover, older aircraft require more maintenance and engines overhauls that would ground older aircraft for longer periods of time compared to newer ones. Table 3 reports the results from estimating the relation between annual hourly usage and aircraft age for all aircraft with non-zero usage. 4 For each aircraft-year pair, we calculate the age of an aircraft as the time that elapsed from its year of build. All specifications include year fixed effects to account for temporal variation in average aircraft usage.
As can be seen from the table, the coefficient on aircraft age is consistently negative and is statistically significant at the 1% level whether we cluster the standard errors by aircraft-type or at the individual aircraft level. Thus, consistent with our underlying assumption that older vintage aircraft are less efficient, we find that aircraft usage declines with age. This result is robust to the addition of both aircraft type and aircraft fixed effects. The economic magnitude of this effect is quite significant: a one-standard-deviation increase in aircraft age of 8.62 years decreases aircraft yearly usage by approximately 450 hours, representing an 18 percent decline relative to the sample mean hourly usage of 2466 hours. Table 4 examines the relation between aircraft age, broken down by aircraft decile and aircraft usage. Consistent with the evidence presented in Table 3 , we find that yearly aircraft usage is monotonically decreasing in aircraft age decile. For example, aircraft in the 5th age-decile are flown between 423 and 257 less hours than those in the first age decile.
Figures 1a and 1b provide a graphical representation of this monotonic relation between age and usage. To construct the figures we regress yearly aircraft usage on the set of indicator variables defined for each possible value of aircraft age, while including year fixed effects as well. Figure   1a graphs the coefficients on the age indicator-variables along with their 95 percent confidence interval calculated by clustering at the aircraft-type level. 5 The graph thus illustrates the evolution of aircraft usage with aircraft age. Figure 1b repeats the analysis but includes aircraft-type fixed effects in the regression calculating the coefficients on the age indicator variables. As can be seen from both figures, consistent with our assumption that aircraft efficiency improves over time, aircraft usage declines with aircraft age.
IV. Creditors Rights and Aircraft Age
A. Baseline Results
Our simple model shows that the effects of financial constraints should be exacerbated in countries with poor creditor rights, where the availability of debt capital may be limited and its cost much higher. We therefore predict that airlines that operate in countries with poorer investor protection operate older vintage aircraft with older technologies. 6 To test this prediction, we calculate the age of every aircraft in the 129 countries that are in our sample during the period 1978-2003 and run the following baseline regression:
The dependant variable in this regression, Age iact , is the age of aircraft i operated by operator a in country c in year t. Creditor rights is the creditor rights score of country c in year t, as measured by Djankov, et al. (2007) . X c is a vector of country-specific control variables which includes the logarithm of country c's GDP per capita, the logarithm of its population and the logarithm of its area. In addition, in some specifications we include as control variables a set of indicator variables indicating the legal origin of the country -common law, French, German, Nordic, or Socialist.
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Finally, all regressions include year fixed effects, y t , and depending on the specification may also include country, aircraft model-type, and operator fixed effects represented by the vector of variables 5 The indicator variable for age equaling one is omitted, so that all coefficients are calculated in relation to the usage of aircraft of age one.
6 As prima facie evidence in support of this hypothesis, we were told in conversations with practitioners from the legal department of one of the world largest aircraft lessors, that country level bankruptcy procedures and efficiency play a crucial role in their decision whether to enter a leasing transaction in a specific country.
7 The common law dummy variable is omitted in specifications that include legal origin indicator variables.
z. All regression are estimated with both heteroscedasticity robust standard errors, and standard errors clustered by country. In general the standard errors that are clustered by country are much larger than the robust standard errors, and since our variable of interest is creditor rights which is determined at the country level, we consider our results to be significant only when they pass the higher hurdle of clustering by country. Table 5 provides results of regression (3) over the entire sample. As hypothesized, we find that enhanced creditor rights are consistently negatively associated with aircraft age. Thus, as the first column of Table 5 demonstrates, with year and country fixed effects, increasing a country's creditor rights score from 0 to 4, reduces the age of aircraft by 4.4 years, or 34.0% of the mean aircraft age of 12.95 years. When country legal origin is controlled for, and country fixed effects naturally dropped (as there is no variation in legal origin in our time period), the magnitude of this effect is reduced by half, although qualitatively it remains similar. Indeed, aircraft age remains negatively related to creditor rights even when year, country, and operator fixed effects that account for 5,987 different operators in the data are added to the specification (column 5). Finally, aircraft age is negatively related to creditor rights and is statistically significant at the 1% level even when year, country, operator, and aircraft-type fixed effects, representing 219 different aircraft types are added (column 6). In sum, consistent with our prediction, aircraft are younger in countries with better creditor rights controlling for GDP per capita, population, area and a battery of fixed-effects at the aircraft type, operator, and country level.
While, as is usually the case, in cross-country analysis the main empirical challenge is endogeneity, we utilize the panel nature of our data and the changes in creditor rights over time to overcome an omitted variables problem. By including country and operator fixed effects, we control for unobserved heterogeneity of operators and countries. In these specifications we identify off of changes in creditor rights over time within a country, or variation in the creditor rights scores of countries in which similar model typed aircraft are operated. Indeed, we find that in specifications which include country fixed effects, the negative association between creditor rights and age is the largest which is consistent with a large effect of the legal reforms identified by Djankov, et al. (2007) .
B. Commercial vs. Military Aircrafts
In We expect the negative relation between aircraft age and creditor protection to be concentrated amongst commercial and private aircraft operators, since these are the firms which would be required to raise funds from external investors in cases of financial shortfalls. In addition, commercial and private firms would fall under the bankruptcy provisions of the local corporate and bankruptcy laws which are the essence of the creditor protection score, while government agencies, militaries and other armed forces would not since the external financing channel would hardly seem to be relevant for such planes.
Panel A of Table 6 breaks down the average aircraft age by the creditor rights index for the full sample, the subsample of commercial aircraft, and the subsample of military aircraft. As can be seen from the table, the age of commercial aircraft is generally decreasing with countries' creditor protection scores: on average, aircraft in countries with the best creditor protection score are 1.11 years younger than those in countries with the worst creditor protection scores (the difference is statistically significant at the 1 percent level). In contrast, as hypothesized, military aircraft exhibit no such relation between aircraft age and creditor rights score. Actually, when focusing on military aircraft, we find a positive relation between the two, with military aircraft in countries with the highest creditor rights score on average 3.59 years older than those in countries with the worst creditor rights. Panel B of the table repeats this analysis by providing a break down of the fraction of aircraft older than 20 years by creditor rights. Again, the fraction of commercial aircraft older than 20 is smallest in countries with the best creditor protection, while in contrast, the fraction of military aircraft older than 20 is greatest in countries with the best creditor protection.
To formally test this hypothesis, Table 7 reports the results of running regression 3 separately for commercial aircraft and aircraft operated by the military. Consistent with the results in Table   6 , in all specifications, the age of commercial aircraft is more negatively related to creditor rights than is the age of military aircraft. Indeed, when we control for year and aircraft-type fixed effects and include the legal origin dummies in the regressions (columns 3 and 4), the magnitude of the creditor rights coefficient is less than a third than that of the corresponding coefficient in the commercial aircraft regression. Moreover, the negative coefficients on creditor rights are never statistically significant in the military aircraft subsample when we cluster the standard errors by country. As clustering by country is the relevant hurdle rate, we conclude that none of the creditor rights coefficients in the military aircraft regressions are statistically different from zero.
For robustness, we repeat the analysis in Table 7 using probit regressions. We define an indicator variable that takes on the value of one when an aircrafts age is greater than 20 years and zero otherwise. An additional indicator variable is constructed taking on the value of one when an aircrafts age is greater than 30 years and zero otherwise. We then run the following Probit specification:
where Old is either one of the two indicator variables described above, Creditor rights is the creditor rights score of country c in year t as measured by Djankov et al. (2007) , X c is the vector of control variables used in regression 3, φ(k) is the standard normal density, and z =
These Probit regressions are run employing both the commercial aircraft sub-sample and the military aircraft sub-sample over three sample periods: 1978-2003, 1990-2003, and 2000-2003 . We consider different time periods to take into account the fact that aircraft age distributions are naturally changing over time -e.g. in the 1970s there were few commercial aircraft older than 20 years.
The results, which are shown in Table 8 (marginal effects are reported), are very much consistent with those in Table 7 . In the commercial subsample, when an airline is located in a country with increased creditor rights, there is a lower probability of its aircraft being of an old vintage. Indeed, over the sample period 1978 -2003, increasing a countrys level of investor protection from a creditorrights score of 0 to a creditor rights score of 4, reduces the likelihood that firms operating in this country will operate old aircraft -as proxied by having an age greater than 20 -by an economically significant 38.7% relative to the unconditional mean. This effect increases to 57.3% relative to the mean in the period 2000-2003 when using the 30 year cutoff as a proxy for old vintage aircraft.
Finally, as before, in none of the military aircraft sub-samples do the old aircraft indicator variables respond to creditor rights in a statistically significant manner, and their coefficients are lower than their commercial counterparts.
C. Creditor Rights, Financial Constraints and Aircraft Age
We now turn to analyze the effect of creditor rights on aircraft age conditional on the financial position of the operator. According to prediction 3 of our model and consistent with Eisfeldt and Rampini (2007b), we expect the effect of creditor rights on aircraft age to be larger for more financially constrained airlines. Since airlines with greater internal funds are less likely to rely on debt or lease financing they should be less affected by the legal system or local financial development.
We obtain information on airline financial data from Compustat Global. We are able to match 72 airlines from 29 countries to the countries covered by Djankov et al. (2007) , representing a panel of 94,272 non-military aircraft.
We test prediction 3 using interaction terms between the country's creditor rights index and airline-level measures of financial distress. Our approach is similar to Rajan and Zingales (1998) who identify the effects of financial development on growth using interaction terms between financial development (at the country level) and financial dependence (at the industry level). Our analysis focuses on two measures of financial constraints: leverage and long-term debt, both used by Eisfeldt and Rampimi (2007) which were found empirically to be determinants of used capital investment.
We obtain similar results using other measures such as cash holdings and profitability. We estimate the following regression:
As in regression 3, Age iact , is the age of aircraft i operated by operator a in country c in year t.
Creditor rights is the creditor rights score of country c in year t, as measured by Djankov et al. (2007) , F inConst act is a measure of the airline financial constraints (either leverage defined as total debt divided by the book value of assets, or long-term debt defined as long-term debt divided by the book value of assets), Creditor rights ct ×F inConst act is an interaction term between creditor rights and airline financial constraints, X c is a vector of country-specific control variables which includes the logarithm of country c's GDP per capita, the logarithm of its population and the logarithm of its area. In addition, in some specifications we include as control variables a set of indicator variables indicating the legal origin of the country. Finally, all regressions include year fixed effects, y t , and depending on the specification may also include country and operator fixed effects represented by the vector of variables z. All regression are estimated with both heteroscedasticity robust standard errors, and standard errors clustered by country. Results are provided in Table 9 .
Consistent with prediction 3, the interaction term between creditor rights and leverage (second and fifth columns in Table 9 ), and the interaction term between creditor rights and long-term debt (fourth and last columns) are negative, indicating that the effect of creditor rights on age is concentrated in financially constrained airlines. While both leverage and long-term debt are clearly endogenous, our identification strategy in Table 9 relies on the interaction between country and firm characteristics. Moreover, in order to control for unobserved operator quality we include operator fixed effects in the last two columns and find both statistically and economically significant results. Focusing on the second column of Table 9 , we find that reducing a countrys level of investor protection from a creditor-rights score of 4 to a creditor rights score of 0, increases the average age of aircraft operated by airlines in the 25th percentile of leverage by 0.59 years. In contrast, amongst airlines in the 75th leverage percentile, i.e. those that are arguably more financially constrained, we find that reducing creditor rights from a score of four to a score of 0 increases average age by a much larger 2.98 years.
As a further robustness check, we repeat our analysis employing probit regressions using the two indicator variables used earlier for old age aircraft with cutoff points of 20 and 30 years.
The results are presented in Table 10 . As above, the interaction terms between creditor rights and our two measures of financial constraints, leverage and long-term debt, are negative. As the table shows and consistent with prediction 3 of the model, there are more old planes in countries with low creditor protection, especially amongst firms with high leverage or long-term debt ratios.
D. Creditor Rights and Fleet Size
We now turn to analyze the relation between creditor rights and fleet size. According to Prediction 2 of the model, firms operating in countries with better creditor rights should operate on average larger fleets. This is because operator scale will not be constrained by the availability and cost of external finance. This prediction is broadly consistent with the empirical finding in Kumar, Rajan, and Zingales (2002) who find that the average firm size is larger in countries with better institutional development.
In order to test this prediction we need a measure of fleet size. Measuring fleet size, however, is somewhat complicated by the fact that airline fleets include multiple aircraft types of different size and use. Thus, a measure of fleet size must weigh aircraft of different variety in an appropriate manner. For example, a passenger capacity measure such as the number of seats will not capture the size of cargo aircraft. Rather than committing to one particular weight system, we test Prediction 2 using a number of weighing schemes. To do so, for each aircraft type in our sample, we gather information on that aircraft type's maximal seat capacity, its maximal takeoff weight, and the aircraft type's wingspan. This data is gathered from Singfield (2005) as well as from a variety of internet sources. Based on this information, for each operator and year in our sample, we then construct four measures of fleet size. The first is simply an equal-weighted sum of all aircraft operated. The remaining three measures of fleet size weigh each aircraft in the fleet using one of three weights described above. Thus, these measures are: (1) the sum of the seat capacities of all aircraft in the fleet, (2) the sum of the maximal takeoff weight of all aircraft in the fleet, and (3) the sum of the wingspans of all aircraft in the fleet.
Having constructed these four fleet-size measures, we then run the following regression specification for all operator fleets in our sample period of 1978-2003:
The dependant variable, log(Size act ), is the logarithm of each of our four fleet-size measures for operator a in country c in year t. As usual, Creditor rights is the creditor rights score of country c in year t, as measured by Djankov, et al. (2007) , and X c is a vector of country-specific control variables which includes the logarithm of country cs GDP per capita, the logarithm of its population and the logarithm of its area. All regressions include year fixed effects, y t , country fixed-effects, and operator fixed effects represented by the vector of variables z. The regressions are estimated with both heteroscedasticity robust standard errors, and standard errors clustered by country. As before, since our variable of interest is creditor rights which is determined at the country level, we consider our results to be significant only when they pass the higher hurdle of clustering by country.
Finally, as in the case of aircraft age, regression 6 is estimated separately for commercial operators and military operators.
The results are provided in Table 11 . As our results demonstrate, using all four fleet-size proxies, the coefficient on the creditor rights index is consistently positive and statistically significant in the commercial operators regressions after controlling for GDP per capita, population, area, as well as year, country, and operator fixed effects. In contrast to commercial operators, and consistent Finally, we study the relation between fleet size and creditor rights conditional on the financial constraints that an airline is facing using the sample of 72 airlines from Tables 9 and 10 . For each of the airlines in the data we calculate our 4 measures of fleet size and run the following regression specification:
The dependant variable, log(Size act ), is the logarithm of each of our four fleet-size measures for operator a in country c in year t. Creditor rights is the creditor rights score of country c in year t, as measured by Djankov et al. (2007) , F inConst act is a measure of the airline financial constraints (either leverage defined as total debt divided by the book value of assets, or long-term debt defined as long-term debt divided by the book value of assets), Creditor rights ct × F inConst act is an interaction term between creditor rights and airline financial constraints, X c is a vector of countryspecific control variables which includes the logarithm of country c's GDP per capita, the logarithm of its population and the logarithm of its area. In addition, all regressions include year fixed effects, y t , country fixed-effects, and operator fixed effects represented by the vector of variables z. All regression are estimated with both heteroscedasticity robust standard errors, and standard errors clustered by country. Results are provided in Table 12 . We find no evidence that creditor rights affect airlines size in a statistically significant manner or that financially constrained airlines benefit more from creditor rights. We believe that the lack of results in Table 12 stem from the fact that by studying airlines with publicly available financial data, we are focusing on the largest airlines in each of the 29 countries we cover, and thus a selection bias with respect to size works against us finding any relation between creditor rights, financial constraints and airline size.
V. Robustness Tests
In this section we add several robustness tests to our main empirical analysis. In the first robustness check we repeat our analysis for non-leased aircraft. For our second robustness test we obtain data on aircraft purchases and show that our results hold for investment decisions and not only for existing aircraft fleets.
A. Creditor Rights, Aircraft Age and Leasing
One concern with our findings that is important for the airline industry is the issue of aircraft leasing. We do not distinguish between airlines that lease aircraft instead of purchasing them through debt financing. 8 Airlines in countries with bad creditor rights may be forced to lease aircraft instead of purchasing them through debt financing since asset repossession might be easier for lessors. While lessors are in general subject to the same bankruptcy provisions that are relevant to creditors (especially secured creditors), countries may adopt lessor-specific rules in bankruptcy similar to Section 1110 in the U.S. that exempts aircraft lessor from automatic stay in a Chapter 11 petition. While special provisions for lessors in bankruptcy are not that common outside the U.S., this issue is an empirical one. 9 For robustness we repeat our analysis for non-leased aircraft only and report the results in Table 13 .
It should be noted that if airlines in countries with bad creditor rights are more likely to use lease financing, then it would work against our finding a negative relation between aircraft age and 9 According to industry practitioners the reason for the general lack if development in European EETC market is due to differing legal systems and in particular the uniqueness of section 1110 in the U.S. creditor rights. 10 Moreover, this argument suggests that focusing on aircraft which are not leased, would yield stronger results as compared to focusing on the full sample. This is indeed what we find in Table 13 where we repeat the analysis in Table 10 but include only non-leased aircraft. Our results are stronger, both economically and statistically, when we consider only non-leased aircraft.
As can be seen, the coefficients on creditor rights in the specifications without interaction terms (columns 1,2,5,6), and the coefficients on the interaction between either leverage or long-term debt and creditor rights (columns 3,4,7,8) , are uniformly more negative than those in Table 13 . Thus, we find a stronger negative relation between age and creditor rights when focusing only on planes which are not financed by leasing.
B. Creditor Rights and Aircraft Purchases
Our analysis so far presented evidence on the link between creditor rights and aircraft age by studying the age structure of existing aircraft fleets (i.e. aircraft stock). This section provides direct evidence on the relation between creditor rights, financial constraints and investment in used aircraft using data on used aircraft transactions. We obtain data on aircraft transactions from the CASE Ascend data base. We drop from the sample sale and lease-back transactions as they do not represent a real transaction but rather a different ownership classification for the same aircraft. Our sample includes 37,296 aircraft transactions during the years 1978-2003, representing 129 countries and 6,737 operators.
We then run the following regression specification over the entire sample of transactions:
where the dependant variable, Age, is simply the age of the aircraft being purchased, As usual, Creditor rights is the creditor rights score of the acquirer's country, as measured by Djankov, et al. (2007) , and X c is a vector of country-specific control variables which includes the logarithm of country c's GDP per capita, the logarithm of its population and the logarithm of its area.
All regressions include year fixed effects, y t , and depending on the specification may also include country and operator fixed effects represented by the vector of variables z.
Results are presented in Table 14 . As can be seen in the first column of the table, controlling for year, country and operator fixed-effects, creditor rights is negatively related to aircraft age and is statistically significant at the 5.8% level. Moving from a creditor-rights score of 0 to 4 reduces aircraft age by 2.8 years, representing a decline of 18.1% relative to the unconditional sample mean (15.5 years). In the remainder of Table 14 we restrict our sample to aircraft that were purchased by airlines for which we have financial data. We were able to match 3,925 transactions to 68 airlines from 29 countries for the years that financial data are available. Columns 2 and 3 of Table 14 report the results from estimating regression 5 in the aircraft purchases data using interactions between either leverage or long-term debt, and creditor rights to identify the differential effect that better creditor rights have on financially constrained airlines. As before, the coefficient of the interaction terms are negative and statistically significant coefficient implying that airlines with greater internal 
VI. Conclusion
Most of the evidence that legal protection of investors is associated with more developed financial markets and faster economic growth is based on cross-country outcomes and suffers from small sample and other econometric issues. In particular, results from cross-country regressions do not identify the channel through which legal protection affects real economic outcomes. Our paper adds to the growing body of micro-level evidence that suggests that financial development facilitates growth We provide novel evidence linking creditor rights and vintage capital using a panel of aircraftlevel data around the world. Consistent with theories that emphasize the protection of property rights as essential for economic development, we find that better creditor rights are associated with aircraft of a younger vintage and firms with larger aircraft fleets. Moreover, we find that more profitable airlines, airlines with lower leverage ratios, and airlines with less debt overhang are less sensitive to creditor rights as they may use internal funds, rather than external capital, to finance investment.
The evidence in our paper shows that legal protection of creditor rights affects both capital age and firm scale. Better creditor protection helps airlines to mitigate financial short-falls and enhance investment in newer, more efficient and more technological advanced aircraft. While we study the relation between vintage aircraft and creditor rights, our results propose a broader link, not confined only to the airline industry, between investor protection, real corporate investment and economic growth; Legal protection of creditors facilitates the ability of firms to make large capital investments, adapt advanced technologies and foster productivity. This table reports summary statistics for aircraft age and country characteristics. The summary statistics for aircraft age are reported for the periods 1978-1979, 1980-1989, 1990-1999, 2000-2003 , as well as for the entire period. The table also report summary statistics separately for commercial and military aircraft. The dependent variable is aircraft yearly usage in hours. Age deciles are indicator variables for the ten deciles of aircraft age calculated over the entire sample. All regressions include an intercept (not reported) and year fixed effects. Standard-errors, reported in parenthesis, are clustered either by aircraft type or by individual aircraft. The dependent variable is the age of the aircraft. Log GDP per capita is the natural logarithm of real GDP per capita. Log Population is the natural logarithm of the population, Log Area is the natural logarithm of the country surface in sq. km. Creditor rights is an index aggregating creditor rights, following Djankov et al. (2007) . The index ranges from 0 (weak creditor rights) to 4 (strong creditor rights) and is constructed as at January for every year from 1978 to 2003. French legal origin, German legal origin, Nordic legal origin, and Socialist legal origin are dummy variables that identify the legal origin of the Company law or Commercial Code of each country. All regressions include an intercept (not reported) and year fixed effects. t-statistics are calculated using standard-errors that are clustered by airline and reported in parenthesis.Robust standard errors (second row) and standard errors clustered by country (third row) are reported in parentheses. a, b and c denote statistical significance at the 1%, 5%, and 10% levels, respectively. This table stratifies average aircraft age (Panel A) and the probability that the aircraft age is 20 years or older (Panel B), by the creditor rights index. Means, standard errors and number of aircraft-year observations are reported for the full sample as well as for the commercial and military subsamples. The last column reports the differences and standard errors of an equal means t-test between countries with a creditor rights index of 0 countries with a creditor rights index of 4. The dependent variable is the age of either commercial or military aircraft. Log GDP per capita is the natural logarithm of real GDP per capita. Log Population is the natural logarithm of the population, Log Area is the natural logarithm of the country surface in sq. km. Creditor rights is an index aggregating creditor rights, following Djankov et al. (2007) . The index ranges from 0 (weak creditor rights) to 4 (strong creditor rights) and is constructed as at January for every year from 1978 to 2003. French legal origin, German legal origin, Nordic legal origin, and Socialist legal origin are dummy variables that identify the legal origin of the Company law or Commercial Code of each country. All regressions include an intercept (not reported) and year fixed effects. t-statistics are calculated using standard-errors that are clustered by airline and reported in parenthesis.Robust standard errors (second row) and standard errors clustered by country (third row) are reported in parentheses. a, b and c denote statistical significance at the 1%, 5%, and 10% levels, respectively. 1978-2003 1990-2003 1978-2003 1990-2003 2000-2003 2000-2003 The dependent variable is a dummy variable that takes the value of one for aircraft older than 20 years (columns 1-4) or 30 years (columns 5-6). Log GDP per capita is the natural logarithm of real GDP per capita. Log Population is the natural logarithm of the population, Log Area is the natural logarithm of the country surface in sq. km. Creditor rights is an index aggregating creditor rights, following Djankov et al. (2007) . The index ranges from 0 (weak creditor rights) to 4 (strong creditor rights) and is constructed as at January for every year from 1978 to 2003. French legal origin, German legal origin, Nordic legal origin, and Socialist legal origin are dummy variables that identify the legal origin of the Company law or Commercial Code of each country. All columns report marginal effects from estimating probit regressions. All regressions include an intercept (not reported) and year fixed effects. t-statistics are calculated using standard-errors that are clustered by airline and reported in parenthesis.Robust standard errors (second row) and standard errors clustered by country (third row) are reported in parentheses. a, b and c denote statistical significance at the 1%, 5%, and 10% levels, respectively. * dy/dx is for discrete change of dummy variable from 0 to 1. The dependent variable is fleet size defined as the logarithm of either 1) the sum of all aircraft operated, (2) the sum of the seat capacities of all aircraft in the fleet, (3) the sum of the maximal takeoff weight of all aircraft in the fleet, and (4) the sum of the wingspans of all aircraft in the fleet. Log GDP per capita is the natural logarithm of real GDP per capita. Log Population is the natural logarithm of the population, Log Area is the natural logarithm of the country surface in sq. km. Creditor rights is an index aggregating creditor rights, following Djankov et al. (2007) . The index ranges from 0 (weak creditor rights) to 4 (strong creditor rights) and is constructed as at January for every year from 1978 to 2003. All regressions include an intercept (not reported) year fixed effects, country fixed-effects, and operator fixed-effects. t-statistics are calculated using standard-errors that are clustered by airline and reported in parenthesis.Robust standard errors (second row) and standard errors clustered by country (third row) are reported in parentheses. a, b and c denote statistical significance at the 1%, 5%, and 10% levels, respectively. The dependent variable is fleet size defined as the logarithm of either 1) the sum of all aircraft operated, (2) the sum of the seat capacities of all aircraft in the fleet, (3) the sum of the maximal takeoff weight of all aircraft in the fleet, and (4) the sum of the wingspans of all aircraft in the fleet. Log GDP per capita is the natural logarithm of real GDP per capita. Log Population is the natural logarithm of the population, Log Area is the natural logarithm of the country surface in sq. km. Creditor rights is an index aggregating creditor rights, following Djankov et al. (2007) . The index ranges from 0 (weak creditor rights) to 4 (strong creditor rights) and is constructed as at January for every year from 1978 to 2003. Leverage is total debt divided by total assets. LT Debt is long-term debt divided by total assets. All columns report marginal effects from estimating OLS regressions. All regressions include an intercept (not reported) year fixed effects, country fixed-effects, and operator fixed-effects. t-statistics are calculated using standard-errors that are clustered by airline and reported in parenthesis. Robust standard errors (second row) and standard errors clustered by country (third row) are reported in parentheses. a, b and c denote statistical significance at the 1%, 5%, and 10% levels, respectively. The dependent variable is a dummy variable that takes the value of one for aircraft older than 20 years (columns 1,3,5,7) or 30 years (columns 2,4,6,8) . Log GDP per capita is the natural logarithm of real GDP per capita. Log Population is the natural logarithm of the population, Log Area is the natural logarithm of the country surface in sq. km. Creditor rights is an index aggregating creditor rights, following Djankov et al. (2007) . The index ranges from 0 (weak creditor rights) to 4 (strong creditor rights) and is constructed as at January for every year from 1978 to 2003. Leverage is total debt divided by total assets. LT Debt is long-term debt divided by total assets. French legal origin, German legal origin, Nordic legal origin, and Socialist legal origin are dummy variables that identify the legal origin of the Company law or Commercial Code of each country. All columns report marginal effects from estimating probit regressions. All regressions include an intercept (not reported) and year fixed effects. t-statistics are calculated using standard-errors that are clustered by airline and reported in parenthesis. Robust standard errors (second row) and standard errors clustered by country (third row) are reported in parentheses. a, b and c denote statistical significance at the 1%, 5%, and 10% levels, respectively. * dy/dx is for discrete change of dummy variable from 0 to 1. The dependent variable is either the age of the aircraft (columns 1, 2, 3), or a dummy variable that takes the value of one for aircraft older than 20 years (columns 4,5). Log GDP per capita is the natural logarithm of real GDP per capita. Log Population is the natural logarithm of the population, Log Area is the natural logarithm of the country surface in sq. km. Creditor rights is an index aggregating creditor rights, following Djankov et al. (2007) . The index ranges from 0 (weak creditor rights) to 4 (strong creditor rights) and is constructed as at January for every year from 1978 to 2003. Leverage is total debt divided by total assets. LT Debt is long-term debt divided by total assets. French legal origin, German legal origin, Nordic legal origin, and Socialist legal origin are dummy variables that identify the legal origin of the Company law or Commercial Code of each country. All columns report marginal effects from estimating probit regressions. All regressions include an intercept (not reported) and year fixed effects. t-statistics are calculated using standard-errors that are clustered by airline and reported in parenthesis.Robust standard errors (second row) and standard errors clustered by country (third row) are reported in parentheses. a, b and c denote statistical significance at the 1%, 5%, and 10% levels, respectively.
